INTRODUCTION
Three units of Cenomanian-Pleistocene sediments were drilled at Site 462: from 0 to 297 meters Oligocene-Pleistocene calcareous and radiolarian oozes and chalk, mainly of turibiditic nature; from 297 to 447 meters Maestrichtian-Eocene chert, chalk, and limestones; from 447 to 599 meters, Cenomanian-Maestrichtian volcaniclastic sandstones, claystones, and limestones. In middle Cretaceous basalts, hyaloclastic sediments are found (Unit IV); in the interval from 560 to 730 meters, they are intercalated with sills. In the other part of the volcanogenic complex, from 730 to 1068 meters, one sedimentary interbed has been found, at a depth of 992 meters.
Sixty samples from sediments of Nauru Basin have been studied mineralogically in the <2-µm, 2 to 20-µm, and >20-µm fractions, and in bulk. Identification of minerals is based on X-ray-diffraction analysis, electron-diffraction analysis, infrared spectral analysis, electron-microscopy data, scanning-electron-microscopy data, wet chemical analysis, and spectral analysis of minor elements. Methods of identification of clay and associated minerals are described in detail in Kurnosov et al. (1980) .
MINERALS AND THEIR CHEMICAL COMPOSITION
Swelling minerals, hydromica, chlorite, kaolinite, mixed-layer chlorite-montmorillonite, palygorskite, sepiolite, clinoptilolite, heulandite-clinoptilolite, cristobalite-tridymite (opal-CT), quartz, feldspar, calcite, analcime-wairakite, actinolite-tremolite, talc, and amorphous phases are identified in sediments from the Nauru Basin.
Dioctahedral and trioctahedral smectite and mixedlayer hydromica-montmorillonite belong to 17 Å minerals.
Dioctahedral Fe-smectite (Fe-montmorillonite) has a b parameter of 9.04 to 9.09 Å (Table 1) . X-ray data and infrared (IR) spectra are normal. A chemical analysis is presented in Table 2 . Electron micrographs of Fe-montmorillonite, studied in Samples 462-48-2, 75-77 cm; 462-49-3, 1-4 cm; 462-57,CC; 462A-9-3, 58-61 cm; and Fig. 2 ), which probably belong to needle-like and plate-like smectites (Kossovskaya and Shutov, 1975; Butuzova et al., 1979) . Besides the usual lacy Fe-montmorillonite, which has replaced volcanic glass (Plate 2, Figs. 1 and 2), rounded Fe-montmorillonites of crimp structure (Sample 462-48-2, 75-77 cm; Plate 3, Fig. 1 ) and columnar ones with a lacy surface (Sample 462-57,CC; Plate 3, Fig. 1 ) are discovered by the SEM. Trioctahedral smectite (Fe-Mg-saponite) has a b parameter of 9.19 to 9.25 Å (Table 3) . According to Mering (1975) , saponite belongs to semi-ordered type II. Chemical analyses of saponites with a small impurity of other minerals are presented in Table 4 . The saponites contain less SiO 2 and more FeO and MgO than Femontmorillonites .
Electron micrographs of saponites show the usual cloud-like shape, and scanning electron micrographs show a petalous texture (Plate 2, Figs. 3, and 4), as well as plate-and needle-like textures. II  11  II  II  II  II  11  11  II  II  II  II  II * II = semi-ordered stacking (Mering, 1975) Mixed-layer, disordered hydromica-montmorillonite is identified in X-ra^-diffraction patterns by the asymmetric and broad 17 Å reflection (Dritz and Sakharov, 1976) . The ratio of 17 Å peak heights (Z) of the mixed-layer mineral averages 0.5, whereas that of Femontmorillonite is 0.8 to 0.9 (Table 5 ). The shape of the mixed-layer mineral is the same as that of Fe-montmorillonite, that is, cloud-like (Plate 1, Fig. 5 ).
Hydromica is dioctahedral, of 1M and 2M, polytypes. Chlorite is trioctahedral, ferromagnesian, well crystallized, it also may be imperfect, with a hydrated brucite layer. Kaolinite is scarcely identifiable in Sample 462-12-4, 8-12 cm by its IR spectrum. Mixed-layer chlorite-montmorillonite is identified by weak reflections at 11.8 to 12.8 Å, after heating at 500°C/hr.
Palygorskite-sepiolite are identified in X-ray and electron-diffraction patterns mainly by 10.4-10.5 Å and 11.8 Å reflections and are prominent on electron photomicrographs (Plate 1, Fig. 6 ; Plate 4, Figs. 1,2).
Talc is identified in X-ray-diffraction patterns by 9.3 to 9.4-Å reflections, but this identification is often indefinite, because the reflection is weak (Table 5) .
Clinoptilolite, heulandite-clinoptilolite, cristobalitetridymite, quartz, calcite, analcime-wairakite, actinolite-tremolite, feldspar, and amorphous phases are identified by X-ray (Kurnosov et al., this volume) . Plates 5 to 7 show the morphology of secondary minerals.
Chemical composition and minor elements were studied in the <2-µm fraction of sediments from the Nauru Basin. The results are presented in Tables 2, 4 , 6, and 7.
DISTRIBUTION OF CLAY AND ASSOCIATED MINERALS IN SEDIMENTS

Units I and II
In sediments of Units I and II, pelagic clays include mixed-layer hydromica-montmorillonite, hydromica of 2Mj and 1M polytypes, chlorite, and admixtures of kaolinite, mixed-layer chlorite-montmorillonite, quartz, feldspar, and clinoptilolite (Table 5 ). The composition of this complex of minerals, excluding clinoptilolite, is invariable through the whole Oligocene-Pleistocene section. It is impoverished in calcite and amorphous phases to various degrees. When calcite and (or) amorphous phases prevail in carbonaceous and siliceous sediments, clay minerals often occur as an admixture. We failed to separate the <2-µm fraction from carbonaceous sediments.
Sample 462-8-4, 95-99 cm contradicts the regularity of mineral distribution in Units I and II. The <2-µm fraction from this sample consists of Fe-montmorillonite, with hydromica, palygorskite, clinoptilolite, and cristobalite-tridymite admixtures. Fragments of alkali and tholeiitic basalts were separated from the > 20-µm fraction. Altered fragments of tholeiitic basalt are composed of Fe-Mg-saponite. Fragments of alkali glass are fresh. Fresh fragments of alkali glass also occur in Sample 462-15-1, 44-47 cm.
Unit III
The mineral complex of volcaniclastic sediments of Unit III differs in composition from those of Units I and II. The main differences are as follows. In sediments of Unit III Fe-montmorillonite prevails among clay minerals; kaolinite and trioctahedral minerals (chlorite and mixed-layer chlorite-montmorillonite) are practically lacking. Some layers are rich in palygorskite. Volcaniclastic sediments contain much clinoptilolite. In the lower part of the unit, at the contact with basalt, there is a large amount of siliceous minerals: quartz and cristobalite-tridymite (Table 5) .
In these sediments, red and pinkish clays (Samples 462-56-1, 147-158 cm; 462-59-1, 0-5 cm; 462A-10-2, 109-116 cm; 462A-12-1, 75-78 cm; 462A-13-1, 110-113 cm) are polymineralic and comprise much palygorskite, as well as mixed-layer hydromica-montmorillonite and 2M! and 1M hydromica. Sometimes red clays contain chlorite and kaolinite admixtures. Dark-brown clays and argillites (Samples 462-57-1, 68-71 cm; 462-58-4, 6-10 cm; 462A-11-1, 60-64 cm) interbanded with red clays either do not contain palygorskite or contain very little. In the <2-µm fraction, Fe-montmorillonite prevails (Table 5 ). In the 2-to 20-µm and > 20-µm fractions, mixed-layer hydromica-montmorillonite contains less hydromica packets than the mixed-layer mineral from red clays.
The mineralogical composition of volcaniclastic sandstones (Hole 462, Cores 48-51, 57; 462A-7-1, 46-51 cm) and argillite at the contact with basalt (Sample 462A-14-1, 85-88 cm) is like that of the dark-brown clays. Femontmorillonite is a primary clay mineral in sandstone. The 2-to 20-µm and > 20-µm fractions comprise mixedlayer hydromica-montmorillonite, hydromica, and chlorite, with kaolinite.
Clinoptilolite occurs in sediments of all types, although it is most common in clays and argillites and is concentrated in the 2-to 20-µm and > 20-µm fractions (Table 5 ). In the lower part of Unit III clinoptilolite is lacking in sediments at the contact with basalt. Feldspar is observed in almost all samples. The largest quantity of quartz is found in sediments about 10-meters thick near the contact. Above this, quartz is replaced by cristobalite-tridymite. Calcite is found in large quantities in the uppermost sediments of Unit III, down to 519 meters. Small quantities of sepiolite are identified by electron-diffraction analysis in Samples 462-49-1, 103-106 cm; 462-50-2, 138-141 cm. Sepiolite occurs with palygorskite.
Two fragments of sandstones of the upper part of Unit III (Sample 462-48-2, 75-77 cm) were analyzed. A fragment of white siliceous rock is composed of calcite, cristobalite-tridymite, clinoptilolite, and admixtures of quartz and 17-Å mineral. A green fragment of altered volcanic glass consists mainly of Fe-montmorillonite, feldspar, and amorphous phases, with a broad reflection near 4.45 Å, typical of palagonite.
Unit IV Twenty-four samples from volcaniclastic interbeds of the Nauru Basin sill complex were analyzed. The mineralogy of these samples was studied in bulk. Other samples were studied in <2-µm, 2-to 20-µm, and > 20-µm fractions (Table 8 ). The mineralogical composition of volcaniclastic sediments from the sill complex is peculiar and differs sharply from sediments overlying basalts, including volcaniclastic sediments of Unit III (Table 8) .
In all samples analyzed in bulk and in fractions, FeMg-saponite is the principal mineral. Other minerals (hydromica, chlorite, analcime-wairakite, heulanditeclinoptilolite, actinolite-tremolite, and talc) occur as admixtures. Among admixture minerals, analcime-wairakite is most common, chlorite and actinolite-tremolite are also widespread. Heulandite-clinoptilolite is identified in that part of the section in which the participants of Leg 61 found zeolite veinlets in sediments. Talc is found in the lowermost sedimentary interbeds between thick sills (Table 8) .
The chemical composition of volcaniclastic sediments overlying basalt and within basalts is compared in the <2-µm fraction (Tables 2 and 4) ; the results are presented in a triangular diagram for the < 2-µm fraction composition, involving Fe 2 O 3 + FeO, A1 2 O 3 , and MgO ( Fig. 1) , and in a rectangular diagram of (Fe 2 O 3 + FeO + MgO)/Al 2 O 3 and Na 2 O + K 2 O (Fig. 2) . The diagrams show that sediments interbedded with basalt contain more magnesium and less A1 2 O 3 than sediments overlying the sill complex. Two samples (462-8-4, 95-99 cm, from a volcaniclastic interbed in terrigenous sediment of Unit I; 462-60-1, 40-42 cm, from a near-contact layer) are exceptions. They are enriched in Fe 2 O 3 ( Table  2) .
The total alkalies in volcaniclastic sediments of Units III and IV are identical (Fig. 2) . Only in the lowermost sedimentary interbed in basalt, at a depth of 992 meters, is the alkali content in Core 80 decreased, and in Core 79 is the lowest Na 2 O content, 3.08% (Table 4) .
Sediments overlying basalts contain more SiO 2 than sediments within basalts (Tables 2 and 4) .
In sediments overlying basalt, with the approach to the contact SiO 2 , MnO, K 2 O, Fe 2 O 3 + FeO (Hole 462), and FeO (Hole 462A) increase, whereas TiO 2 , A1 2 O 3 , Table 5 . Clay-mineral compositions and fractions of related minerals (%): <2 µm (1), 2-20 µm (2), and >20 µm (3) (Table 2) . Cr, Ni, Co, Sc, Pb, and especially Cu contents increase in sediments with the approach to the contact with basalts. This peculiarity in minor-element distribution is prominent in Hole 462A and is lacking in Hole 462 (Table 6 ).
GENESIS OF MINERALS
Units I and II
In Eocene-Pleistocene time, calcareous and siliceous sediments accumulated in Nauru Basin; clay minerals were primarily terrigenous. A complex of clay minerals typical of terrigenous sediments of the Pacific equatorial sector on the whole is found in interbeds of pelagic clays (Griffin et al., 1968) . This complex consists of mixed-layer hydromica-montmorillonite, 2Mj and 1M hydromica, chlorite, and an admixture of kaolinite and mixed-layer chlorite-montmorillonite, quartz, feldspar, and amorphous phases.
The background accumulation of pelagic clays was restrained to various degrees by active calcareous accumulation. Sediments with calcite were introduced by suspension flows from the slopes of the Marshall Islands and Caroline Islands, surrounding Nauru Basin (data of participants of Leg 61). The composition of the clay-mineral complex in the calcareous and carbonaceous sediments is the same as in the pelagic clays.
Thus, from the Eocene to the Recent, homogeneous clay material was introduced into Nauru Basin. Streams which transported it were stable in that period. Accumulation of silica prevailed in the Eocene and continued to the late Pleistocene. In the Oligocene-Pleistocene, silica accumulation was accompanied by intensive introduction of carbonates, which often prevailed. In some layers of Unit I containing volcaniclastic material (Sample 462-8-4, 95-99 cm), Fe-montmorillonite as well as an admixture of palygorskite, clinoptilolite, and cristobalite-tridymite were formed, mainly because of decomposition of volcanic glass. The fragments of tholeiitic basalts with trioctahedral smectite (Fe-Mg-saponite) in the coarse fraction of the volcaniclastic material show that the basalt complex studied in Holes 462 and 462A has undergone erosion. Fragments 
Unit III
In Cenomanian-Maestrichtian time, abundant volcaniclastic material was introduced into the Nauru Basin, which determined the mineralogical composition of sediments of Unit III. Alteration of volcanic glass in sandstones and clays caused the formation of Fe-montmorillonite, clinoptilolite, and probably some 1M mica. Residues of palagonitized glass are visible in thin sections of sandstones; they are also visible in X-ray-diffraction patterns by the o amorphous background and broad, asymmetric 4.5-Å reflection. This reflection is common in X-ray-diffraction patterns of palagonitized glass in samples from the Pacific and Indian Oceans.
Mixed-layer hydromica-montmorillonite, which represents 17-Å minerals in red clays and in the 2-to 20-µm and > 20-µm fractions of brown clays, is probably terrigenous. 2M 1? and particularly 1M hydromica, as well as chlorite, kaolinite, calcite, amorphous phases, feldspar, and quartz, also are terrigenous. This complex of terrigenous minerals is typical of oceanic sediments (Griffin et al., 1968; Gorbunova, 1970) .
The formation of the upper sediments of Unit III, down to 519 meters, was accompanied by intensive calcite introduction, suggesting the existence of reefs around the Nauru Basin from the early Campanian to the Pleistocene, inclusive.
The history of palygorskite formation is obscure. There may have been several ways of its formation in sediments of Nauru Basin. Hydrothermal palygorskite growth is due to supply of magnesium solutions from a sill complex (Bonatti and Joensuu, 1968, 1969; Gorbunova, 1972; Lomova, 1975a Lomova, , 1975b Lomova, , 1979 Skornyakova et al., 1978) , although the uneven and broken distribution of palygorskite in sediments of Unit III contradicts this (Table 5 ). The source of terrigenous palygorskite in Nauru Basin is obscure; also scanning electron micrographs do not show a terrigenous character.
Some students suggest authigenic palygorskite formation (Peterson et al., 1970; Zemmels and Cook, 1974; Couture, 1977) . The occurrence of palygorskite mainly in red clays allows us to consider that the physical-chemical regime of red-clay formation is more favorable for the formation of palygorskite than for brown clays. At the same time, a high palygorskite content is found in Cretaceous brown clays in the northwestern Pacific Ocean (Leg 20; Matti et al., 1973) . Thus, a conclusion about preferential conditions for the formation of palygorskite is unfounded. The assumption that during accumulation of red clays the material which easily released Mg was introduced to Nauru Basin is most probable. Such material was probably trioctahedral smectite, which could alter to dioctahedral smectite under oxidizing conditions. In this case, Fe +2 ox- idizes to Fe + 3 , and Mg is released, which may be involved in palygorskite growth.
Growth of quartz and cristobalite-tridymite in the lower part of the sediments of Unit III, at the contact with basalt, irrespective of the type of rock, is connected with the final stages of sill volcanism in Nauru Basin. Sill volcanism also probably influenced the enrichment of the lower part of Unit III in manganese, iron, and potassium. Enrichment of rocks with SiO 2 and K is typical of the zone of solution degassing (Naboko, 1969) .
An increase of Cr, Ni, Co, Sc, Pb, and Cu in sediments near the contact with basalt is observed in Hole 462A (Table 6 ) and is probably connected with the influence of sill volcanism on the material composition of sediments. Growth of metal-bearing sediments at the contact with basalt is widely described in the literature. The genesis of these sediments is questionable, although the majority of authors consider it to be exhalationsedimentary, connected with the leaching of basalts heated (in fractures) by sea water, mainly in rift zones (Lisitsyn, 1978; and others) . In Nauru Basin, metalbearing sediments are related to intraplate magmatism.
Unit IV
Sediments of Unit IV, interbedded with basalts, consist of secondary minerals, mainly Fe-Mg-saponite. Primary sediments were composed of volcanic glass, probably tholeiitic.
Primary-glass alteration took place at 300 to 500 °C and resulted in the formation of talc, actinolite-tremolite, analcime-wairakite, and chlorite. The temperature of formation of these minerals, accompanied by sea water-glassy-tholeiitic-basalt interaction, has been determined experimentally (Mottl et al., 1978; Kotov et al., 1978) , and is described in this volume (Kurnosov et al.) . Heulandite-clinoptilolite probably grew at 100 to 150°C (Senderov and Khitarov, 1970) . Saponite was formed at lower temperatures. Secondary minerals were formed under reducing, alkalic conditions, similar to those of secondary minerals within basalts of Nauru Basin (Kurnosov et al., this volume) .
Besides temperature, the alteration of glass in sediments was influenced by solutions introduced to volcanic sediments from cooling sills. The nature of solutions in sills is considered in this volume (Kurnosov et al.) . Sub-vertical veinlets of zeolites discovered by the participants of Leg 61 in sediments of Unit IV testify to this. Saponites from sediments are probably not only the product of in situ glass decomposition; they may also grow from solutions introduced along open fractures in sills. Saponites from volcaniclastic sediments of Unit IV and from veins within basalts are similar in chemical composition and content of minor elements (Tables 3, and 7 ; Kurnosov et al., this volume) .
CONCLUSIONS
Mineralogical analysis of sediments from Nauru Basin allows us to consider that a complex of calcareous and siliceous sediments, consisting of terrigenous minerals which did not undergo notable diagenetic changes, was formed in Eocene-Pleistocene time. The terrigenous mineral complex reflects common paleogeographic conditions of sedimentation-a regime of oceanic pelagic sedimentation, reef knolls surrounding Nauru Basin, some island alkali volcanism, and suspension flows, introduction of homogeneous clay material to Nauru Basin, and long relative stability of oceanic currents transporting clay minerals to the basin.
In Cretaceous time, volcaniclastic sediments which accumulated in Nauru Basin differ in mineralogical composition both from terrigenous Eocene-Pleistocene sediments and among themselves. Their accumulation suggests active volcanism-probably under-water tholeiitic volcanism in middle Cretaceous time, and sub-aerial alkali volcanism on islands surrounding Nauru Basin in Cenomanian-Maestrichtian time. Alteration of volcaniclastic sediments overlying the sill complex and interbedded with it took place under different conditions and ended in the formation of unlike mineralogical associations.
Alteration of middle Cretaceous volcaniclastic sediments within the sill complex took place under conditions close to those of vein mineral formation within basalts of Nauru Basin: 500 °C and lower, a semi-closed system with difficult water exchange, and an alkalic, reducing regime. As a result, high-and middle-temperature minerals have grown: talc, actinolite-tremolite, analcime-wairakite, chlorite, heulandite-clinoptilolite, and trioctahedral smectite (Fe-Mg-saponite). This association is akin to the complex of secondary minerals in basalts.
Upper Cretaceous volcaniclastic sediments overlying the sill complex were altered by low-temperature interaction with sea water, in an open system. Thus, dioctahedral smectite (Fe-montmorillonite), often clinoptilolite, and sometimes palygorskite are the main secondary minerals.
Comparison of conditions of formation of smectites from volcaniclastic sediments and from basalts (Kurnosov et al., this volume) shows that a semi-closed system (autoclave) and reducing regime (volcaniclastic sediments between sills, groundmass basalt, and veins in basalts) are necessary for the formation of trioctahedral smectites. Under experimental conditions similar to natural ones, trioctahedral smectite is also the main product of tholeiitic basalt alteration (Mottl et al., 1978; Kotov et al., 1978) .
Dioctahedral smectites grow under oxidizing conditions in open systems (volcaniclastic sediments overlying the sill complex, volcaniclastic layers in terrigenous Eocene-Pleistocene sediments, and the upper part of the sill complex with celadonite-glauconite; see Kurnosov et al., this volume) . The reason for palygorskite concentration in the red clays is obscure.
The proximity of the sill complex manifested itself in silicification (quartz, cristobalite-tridymite) of about 20 meters of sediments overlying basalt, and in an increase in Mn, Fe, K, Cr, Ni, Co, Sc, Pb, and Cu in sediments near the contact with basalt. 
